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SUMMARY L 

A more d e t a i l e d  evaluation has  been performed on t h e  command-module/ 
service-module (CM/SM) separation disturbances discussed i n  sec- 
t i o n  5.15.2 of t h e  Apollo 4 Mission Report. Preliminary evaluation of 
t h e  pitch-down, yaw-left r a t e  t r a n s i e n t s  of 4.5 deg/sec and 0.4 deg/sec 
during separation revealed t h a t  an ex te rna l  force  w a s  exerted upon t h e  
CM a f t e r  t h e  separation impulse had ended. The force  continued f o r  ap- 
proximately 8 seconds and appeared f i r s t  i n  t h e  yaw a x i s  and then  t r ans -  
f e r r ed  t o  t h e  p i t c h  axis. 

This force w a s  of a magnitude and i n  a d i r e c t i o n  t h a t  could be ex- 
pected from t h e  four SM reac t ion  cont ro l  subsystem (RCS) minus X engine 
plumes impinging upon t h e  CM heat sh i e ld .  Impingement e f f e c t s  (though 
small) were observed u n t i l  t he  two vehic les  were separated by 35 f e e t .  
A t t i t ude  excursions during t h i s  period can be on t h e  order of 5 t o  1 0  de- 
grees i f  t h e  separation i s  made i n  a manual cont ro l  mode and r a t e s  a r e  
not corrected.  

The cause of t h e  t r a n s i e n t s  and t h e  r a t e  and a t t i t u d e  disturbances 
appeared t o  be threefo ld :  
hardware ( t h r e e  tension t i es  and t h e  umbilical  g u i l l o t i n e ) ,  ( 2 )  delay i n  
t h e  CM-RCS responding t o  an engine f i r i n g  command ( t h i s  could be expected 
s ince  t h e  RCS had j u s t  been pressurized, but t h e  l i n e s  not f i l l e d  with 
p rope l l an t s ) ,  and ( 3 )  impingement of t h e  SM-RCS minus X engine plumes 
upon t h e  CM heat sh i e ld  as  t h e  SM yawed and pitched due t o  t h e  o f f s e t  i n  
t h e  center  of grav i ty  while t h e  vehicle backed away and s t a r t e d  t h e  pro- 
grammed r o l l  maneuver. 

(1) energy s tored  i n  t h e  CM/SM separa t ion  

No spacecraft  changes are required but t h e  f l i g h t  crews w i l l  be 
made aware t h a t  r a t e  and a t t i t u d e  excursions of t h e  magnitude mentioned 
probably w i l l  occur. 

Figure 1 i s  a t i m e  h i s t o r y  of CM p i t c h  and yaw rates and R C S  engine 
f i r i n g s .  Table I i s  a summary of mass proper t ies  data during t h e  time 
period of f igu re  1. The impulse t o  t h e  CM can be seen during t h e  f i r s t  
0.3 second. The pitch-down, yaw-left disturbance was caused by t h e  
energy s to red  i n  t h e  t h r e e  tension t i e s  and t h e  umbilical  g u i l l o t i n e .  

The exact magnitude of r a t e  changes t h a t  can be expected due t o  t h e  
t ens ion  t i e s  and g u i l l o t i n e  is  not known; however, magnitudes experienced 
on AS-201, AS-202, and Apollo 4 mission, and from simulations and dynamic 
analyses at t h e  con t r ac to r ' s  f a c i l i t y  a l l  showed c lose  agreement. 

A t  0.3 second, t h e  e f f e c t s  of t h e  impulse had d i s s ipa t ed  and t h e  
pitch-up engines had been commanded on. The rates, however, d id  not 
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star t  t o  decrease u n t i l  0.5 second and p i t c h  acce lera t ion  w a s  not nominal 
u n t i l  0.7 second. This w a s  a t t r i b u t e d  t o  (1) t h e  RCS being pressur ized  
f o r  l e s s  than 2 seconds, ( 2 )  a i r  i n  t h e  f u e l  l i n e s  and improper mixture 
r a t i o ,  and ( 3 )  RCS pressures not having s t a b i l i z e d .  These t h r e e  e f f e c t s  
have been noted i n  contractor simulations", which showed t h a t  f u l l  t h r u s t  
may not be achieved u n t i l  0.5 second a f t e r  a command t o  f i r e  i s  received 
at t h e  solenoid. 

The yaw-left r a t e  disturbances during t h e  f i r s t  2 seconds are at- 
t r i b u t e d  t o  crosscoupling from t h e  pitch-up engines and not t o  impinge- 
ment forces because separation d is tances  were s t i l l  small and very l i t t l e  
surface a rea  of  t h e  heat sh i e ld  was exposed. 

A t  2 seconds, t h e  separation d is tance  was approximately 5 f e e t ;  t h e  

The SM body r a t e s  were caused 
SM w a s  pitched down 3.5 degrees and yawed l e f t  3.1 degrees and t h e  CM 
was pitched down approximately 4 degrees. 
by t h e  four -X t r a n s l a t i o n  engines and center-of-gravity o f f s e t s  of 
13.8 inches and minus 14.6 inches i n  Y-axis and Z-axis, respec t ive ly .  
Thus, af ter  t h e  r o l l  program s t a r t e d ,  t he  SM was acce lera t ing  a t  -0.6 f t /  
sec' i n  XsM, minus 1.8 deg/sec2 i n  yaw, and p lus  1 3  deg/sec2 i n  roll ( a l l  
values calculated using nominal t h r u s t  and mass proper t ies  data derived 
from f l i g h t  d a t a ) .  
t op  forward f i r i n g  engine (engine 3,  quad A ,  plus-pitch/minus-X) and 
r i g h t  forward f i r i n g  engine (engine 7,  quad B y  plus-yaw/minus-X) t o  i m -  
pinge upon the  CM heat sh ie ld .  

The r e l a t i v e  motion between t h e  SM and CM caused t h e  

Plume force s tud ie s  showed t h a t  p i t c h  and yaw disturbances of t h e  
magnitude and d i r ec t ion  seen on t h e  Apollo 4 SM a f t e r  separa t ion  could 
cause CM p i t ch  and yaw acce lera t ions  of 1.3 deg/sec2 a t  a separa t ion  d i s -  
tance of 5 f e e t  (10 f e e t  from t h e  SM-RCS engines) and t r a n s l a t i o n a l  ac- 
ce l e ra t ions  of 3.2 ft/sec'.  
0.0 deg/sec2 i n  p i t c h ,  minus 1.1 deg/sec2 i n  yaw, and t r a n s l a t i o n a l  ac- 
ce l e ra t ions  of p lus  0.28 f t / s e c 2  a t  a separa t ion  d is tance  of 5 f e e t .  
p i t c h  acce lera t ion  w a s  zero a t  5 f e e t  because t h e  r e l a t i v e  pos i t i on  of 
t h e  two vehicles at tha t  time caused cance l l ing  torques on t h e  CM; how- 
ever,  as t h e  SM r o l l e d ,  t h e  p i t c h  torque disturbances became apparent but 
of l e s s e r  magnitude because of t h e  g r e a t e r  separa t ion  d is tance .  

F l igh t  d a t a  ind ica ted  CM acce le ra t ions  of 

The 

North American Rockwell Corporation Report : SID-67-341 "Apollo CM a 

RCS Block I1 C e r t i f i c a t i o n  Test F ina l  Report ." 
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FIGURE 1.- COMMAND MODULE DYNAMICS DURING COMMAND MODULE/SERVICE MODULE SEPARATION. 
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